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Description
TECHNICAL FIELD

[0001] The disclosure is related to techniques for fas-
tening medical leads.

BACKGROUND

[0002] Implantable medical devices (IMDs) may be
used to treat a variety of medical conditions. Some IMDs
may include medical leads for sensing and/or delivery of
electrical stimulation therapy to a patient via implanted
electrodes. For example, an electrical stimulation device
may include an implantable electrical stimulation gener-
ator and one or more implantable leads carrying elec-
trodes. In some cases, implantable electrodes may be
coupled to an external electrical stimulation generator
via one or more percutaneous leads or fully implanted
leads.

[0003] Example IMDs that may include medical leads
include neurostimulators, cardiac monitors, cardiac de-
fibrillators, cardiac pacemakers, and others. Electrical
stimulation therapy may include stimulation of nerve,
muscle, or brain tissue, or other tissue within a patient.
An electrical stimulation device may be fully implanted
within the patient. Medical electrical stimulators have
been proposed for use to relieve a variety of symptoms
or conditions such as heart disease, chronic pain, tremor,
Parkinson’s disease, depression, epilepsy, migraines,
urinary or fecal incontinence, pelvic pain, sexual dysfunc-
tion, obesity, and gastro paresis. An electrical stimulator
may be configured to deliver electrical stimulation ther-
apy via medical leads thatinclude electrodes implantable
proximate to the heart, spinal cord, pelvic nerves, gas-
trointestinal organs, peripheral nerves, or within the brain
of a patient. Stimulation proximate the spinal cord, within
the brain, and proximate peripheral nerves are often re-
ferred to as spinal cord stimulation (SCS) deep brain stim-
ulation (DBS), and peripheral nerve stimulation (PNS),
respectively.

[0004] US 2011/0399445 A1 discloses according to its
title a visual indicator of proper interconnection for an
implanted medical device.

[0005] US 2009/233491 A1 discloses according to its
title a low-profile connector for a neurostimulation lead.

SUMMARY

[0006] This disclosure includes techniques for secur-
ing the proximal ends of a medical lead to the connector
block of an IMD with a fastener device that incorporates
a flexible clamp connected to a rigid block. In some ex-
amples, the flexible clamp and the rigid block may rep-
resent a unitary component. In the same or different ex-
amples, the flexible clamp and the rigid block may com-
prise a conductive material that provide a conductive path
from an electrical contact of the medical lead and the
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electronics of the IMD.

[0007] In one example, this disclosure is directed to a
fastener device for a medical device comprising aflexible
clamp forming a clamp aperture. The flexible clamp in-
cludes a clamp protrusion configured to facilitate actua-
tion of the flexible clamp, a rigid body. The rigid body
connects to and surrounds the flexible clamp, and an
actuator configured to actuate on the clamp protrusion
to change a perimeter of the clamp aperture. The change
of the perimeter of the clamp aperture by the actuator is
configured to apply a compressive force about a perim-
eter of an electrical contact of a medical lead in the clamp
aperture to electrically and mechanically connect the
medical lead to the fastener device.

[0008] In another example, this disclosure is directed
to a method comprising inserting a proximal end of a
medical lead including at least one electrode into a clamp
aperture defined by a flexible clamp of a fastener device
including a flexible clamp block of an implantable medical
device. The fastener device includes the flexible clamp
forming the clamp aperture. The flexible clamp includes
a clamp protrusion configured to facilitate actuation of
the flexible clamp, a rigid body. The rigid body connects
to and surrounds the flexible clamp, and an actuator con-
figured to actuate on the clamp protrusion to change a
perimeter of the clamp aperture. The change in the pe-
rimeter of the clamp aperture by the actuator is configured
to apply a compressive force about a perimeter of an
electrical contact of a medical lead in the clamp aperture
to electrically and mechanically connect the medical lead
to the fastener device. The method further includes ac-
tuating the actuator configured to actuate the clamp pro-
trusion to apply a compressive force about the perimeter
of the electrical contact to electrically and mechanically
connect the medical lead to the fastener device.

[0009] In another example, this disclosure is directed
to an implantable medical device implantable medical
device comprising a processor, a power supply, a stim-
ulation generator, a housing forming a substantially
sealed enclosure, with the processor, the power supply,
and the stimulation generator being located within the
substantially sealed enclosure, and a connector block
configured to provide an electrical connection between
the stimulation generator and a medical lead. The con-
nector block includes at least one fastener device com-
prising a flexible clamp forming a clamp aperture. The
flexible clamp includes a clamp protrusion configured to
facilitate actuation of the flexible clamp, a rigid body. The
rigid body connects to and surrounds the flexible clamp,
and an actuator configured to actuate on the clamp pro-
trusion to change a perimeter of the clamp aperture. The
change of the perimeter of the clamp aperture by the
actuator is configured to apply a compressive force about
a perimeter of an electrical contact of a medical lead in
the clamp aperture to electrically and mechanically con-
nect the medical lead to the fastener device.

[0010] The details of one or more examples of this dis-
closure are set forth in the accompanying drawings and
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the description below. Other features, objects, and ad-
vantages of this disclosure will be apparent from the de-
scription and drawings, and from the claims.

[0011] The presentinvention is defined by the append-
ed claims.

[0012] Aspects, embodiments or examples of the
present disclosure which do not fall within the scope of
the appended claims do not form part of the present in-
vention.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

FIG. 1 is a conceptual diagram of a medical system
that includes an IMD with medical leads configured
to deliver spinal cord stimulation (SCS) therapy.
FIG. 2 is a conceptual diagram of a medical system
that includes an IMD with medical leads configured
to deliver gastric stimulation therapy.

FIG. 3 is a conceptual diagram of an IMD with a fas-
tener device configured to secure a medical lead to
the IMD.

FIG. 4 is a functional block diagram of an IMD con-
figured to deliver stimulation therapy.

FIG. 5 is a functional block diagram of an IMD con-
figured to deliver stimulation therapy.

FIG. 6 is a conceptual diagram of a fastener device,
including a rotatable actuation member and an outer
fixed member configured to actuate on a clamp pro-
trusion.

FIGS. 7A-7C are conceptual diagrams of a rotatable
actuation member configured to actuate on a clamp
protrusion.

FIGS. 8A-8C are conceptual diagrams of a rigid
block with an integrated flexible clamp.

FIGS. 9A-9C are conceptual diagrams of a fastener
device configured to electrically and mechanically
connect a medical lead to an IMD.

FIG. 10 is a conceptual diagram of a fastener device
including a screw to act on a clamp protrusion to
actuate a flexible clamp.

FIG. 11 is a conceptual diagram of a fastener device
configured to electrically and mechanically connect
a medical lead to an IMD.

FIG. 12 is a flow diagram illustrating an example
process for securing a medical lead to an IMD with
a fastener device.

DETAILED DESCRIPTION

[0014] This disclosure includes techniques for secur-
ing the proximal ends of a medical lead to the connector
block of an IMD with a fastener device that incorporates
a flexible clamp. In some references, a connector block
isinstead referred to as a header ofthe IMD. In particular,
structures for retaining a medical lead may include acu-
tatable clamping mechanisms configured to electrically
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and mechanically connecta medical lead toan IMD. Such
a flexible clamping mechanism may form clamp aper-
tures configured to receive the proximal end of a medical
lead. Actuating the flexible clamping mechanism may
change a perimeter of the clamp aperture to apply a com-
pressive force about a perimeter of an electrical contact
of a medical lead in the proximal end of the medical lead,
thereby electrically and mechanically connecting the
medical lead to the flexible clamping mechanism.
[0015] The disclosed fastener devices may further in-
clude arigid body. The rigid body may have features that
provide dimensional precision to the location of the prox-
imial end of a medical lead secured by a fastener device.
This may improve sealing of the fastener device and lead
interface by locating the proximal end of the medical lead
precisely within the connector block. The rigid body may
further provide for a stable structure for welding conduc-
tors, such as feedthrough pins, of feedthroughs that pass
through a housing of an IMD in order to provide an elec-
trical connection between a conductor on the proximal
end of the lead and the conductors of the feedthroughs.
[0016] Other connector blocks may utilize a setscrew
in combination with a setscrew block to fixate the medical
lead to the IMD. Therefore, during implantation of the
IMD, the user turns the setscrew in the setscrew block
to pinch the medical lead between the contact surface of
the setscrew and the contact surface of the setscrew
block. By pinching the medical lead, the user is using the
setscrew to apply a non-uniform force(s) and/or pres-
sure(s), e.g., a point load, across the contact surface of
the setscrew and the medical lead and across the contact
surface of the setscrew block and the medical lead. The
disclosed examples may instead prevent crushing of the
medical lead connector ring as the load is applied by the
flexible clamp in a uniform manner.

[0017] FIG. 1 illustrates an example medical system
10 that includes an IMD 20 with a medical lead 16 con-
figured to deliver SCS therapy. IMD 20 is configured to
deliver therapy to patient 12 through medical lead 16.
Medical lead 16 is connected to IMD 20 by connector
block 22. In some references, a connector block, such
as connector block 22, is instead referred to as a header
of the IMD. In any event, connector block 22 provides
the means for forming an electrical connection between
electrical contacts of medical lead 16 and feedthrough
pins of feedthroughs that pass through the housing of
IMD 20, which forms a hermetically sealed enclosure for
the electronic components of IMD 20.

[0018] IMD 20 may include a power source as well as
one or more processors, microprocessors, internal mem-
ory, and other electronic circuitry for executing software
or firmware to provide the functionality described herein.
The software executing thereon may perform a variety
of therapy-related operations, one such therapy opera-
tion may be stimulation of spinal cord 14 through medical
lead 16 operatively (i.e. electrically and/or mechanically
connected) connected to IMD 20 by connector block 22.
[0019] Connector block 22 is configured to receive the
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proximal end of medical lead 16. Connector block 22 in-
cludes one or more fasteners with actuatable clamps,
such as fastener device 24 of FIG. 6 or fastener device
3 00 of FIG. 11, which are configured to secure the prox-
imal ends of one or more medical leads 16 to IMD 20.
Connector block 22 may be comprised of conductive or
non-conductive material.

[0020] Medical system 10 further includes external
programmer 40. In different examples, external program-
mer 40 may include an external medical device, a pro-
gramming device, a remote telemetry station, a physi-
cian-activated device, a patient-activated device, a dis-
play device or any other type of device capable of sending
and receiving signals to and from IMD 20. In some im-
plementations, IMD 20 generates content to display on
external programmer 40. In other implementations, ex-
ternal programmer 40 communicates instructions to IMD
20 based on the content received from a cloud server, a
computer system, and/or a mobile device.

[0021] As described herein, IMD 20, and the software
executing thereon, provides a platform for providing ther-
apy to spinal cord 14 through medical lead 16. For ex-
ample, IMD 20 may be configured to receive and process
electrical signals produced by the body of patient 12 using
medical lead 16. IMD 20 may also use medical lead 16
to deliver therapy, such as SCS therapy, to spinal cord
14 of patient 12. In other examples, one or more medical
leads 16 may be dedicated by IMD 20 to receive electrical
signals, and one or more medical leads 16 may be ded-
icated to delivering therapy to spinal cord 14 of patient 12.
[0022] In some examples, IMD 20 may implement
techniques for automated receiving and processing of
electrical signals indicating a need for therapy. For ex-
ample, IMD 20 may allow a user by communicating with
external programmer 40, control over one or more ther-
apy techniques used by IMD 20 in response to IMD 20
receiving and processing electrical signals from medical
lead 16 indicating a need for treatment. In another ex-
ample, a user may use external programmer 40 to pro-
vide pre-determined responses for therapy through med-
ical lead 16 to respond to IMD 20 receiving and process-
ing electrical signals from medical lead 16 indicating a
need for treatment.

[0023] In the example of FIG. 1, IMD 20 is illustrated
asan IMD for providing therapy to a spinal cord. However,
in other examples, IMD 20 may be a neurostimulator,
cardiac monitor, cardiac defibrillator, cardiac pacemak-
ers, or any other type of simulation and/or sensing device
that utilizes one or more medical leads.

[0024] FIG. 2 illustrates an example medical system
11 that includes an IMD 20 with medical leads 26A, 26B
configured to deliver gastric stimulation therapy 28. In
the example of FIG. 2, medical system 11 includes an
IMD 20 to deliver therapy through medical leads 26A,
26B connected operatively to IMD 20 by connector block
22 using a fastener, such as fastener device 24 as de-
scribed in FIG. 6 or fastener device 300 as described in
FIG. 11. As described herein, IMDs deliver therapy
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through one or more medical leads 26A, 26B based on
external programmer 40 and/or internal programming for
software that, as described, can efficiently deliver therapy
to targeted areas. In this example, connector block 22
may be the result of multiple components.

[0025] In the example of FIG. 2, medical system 11
includes components of FIG. 1, such as patient 12, IMD
20, connector block 22, and external programmer 40. In
the example of FIG. 2, medical system 11 further includes
one or more medical leads 26A, 26B, and stimulation
therapy 28.

[0026] Medical leads 26A, 26B may include one or
more electrodes. In the example illustrated in FIG. 2,
medical leads 26A, 26B may each include a respective
tip electrode and ring electrode located near a distal end
of their respective medical leads 26A, 26B. When im-
planted, the tip electrodes and/or the ring electrodes are
placed relative to or in a selected tissue, muscle, nerve
or other location within the patient

[0027] Medical leads 26A, 26B are connected at a
proximal end to IMD 20 by connector block 22. Connector
block 22 may include one or more fasteners, such as
fastener device 24 that interconnects with one or more
contact rings located on the proximal end of medical
leads 26A, 26B. Medical leads 26A, 26B are operatively
connected to one or more of the electrical components
within housing 25. One or more conductors (not shown
in FIG. 2) extend within medical leads 26A, 26B from the
contact rings long the length of the medical lead to en-
gage thering electrode and the tip electrode respectively.
In some examples, medical leads 26A, 26B may each
include a plurality of ring electrodes, such as four or eight
electrodes. For example, DBS therapy may utilize med-
ical leads including four ring electrodes, whereas SCS
therapy may utilize medical leads including eight ring
electrodes. In any case, each of the tip electrodes (if
present) and the ring electrodes are operatively coupled
to a respective conductor within its associated medical
lead bodies. For example, a first electrical conductor can
extend along the length of the body of medical lead 26A
from connector block 22 and operatively couple to the tip
electrode and a second electrical conductor can extend
along the length of the body of medical lead 26A from
connector block 22 and operatively couple to the ring
electrode. The respective conductors may be operatively
coupled to circuitry, such as a therapy module 34 as de-
scribed in FIG. 4, of IMD 20 via connections in connector
block 22.

[0028] In different examples, stimulation 28 may in-
stead include peripheral nerve stimulation (PNS) or pe-
ripheral nerve field stimulation (PNFS) therapy, and/or
any other stimulation that can be provided by a neuros-
timulator, a cardiac monitor, a cardiac defibrillator, a car-
diac pacemaker, or any other type of mobile or non-mo-
bile computing device suitable for performing the tech-
niques described herein.

[0029] [IMD 20 may also provide sensing functions in
addition to or alternatively to stimulation functions. For
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example, IMD 20 may be configured to receive and proc-
ess electrical signals produced by the body of patient 12
using medical leads 26A, 26B to indicate a need for ther-
apy. After a need for therapy is detected by IMD 20, IMD
20 may respond by using medical leads 26A, 26B to de-
livertherapy, such as stimulation 28, to the body of patient
12. In other examples, one or more medical leads 26A,
26B may be dedicated by IMD 20 to receiving electrical
signals and/or delivering therapy, such as stimulation 28
to the body of patient 12.

[0030] In some examples, IMD 20 may implement
techniques for automated therapy through one or more
medical leads 26A, 26B. For example, IMD 20 may allow
a user, by communicating with external programmer 40,
control over therapy techniques used by IMD 20 in re-
sponse to detecting and recognizing an irregularity re-
quiring treatment. In another example, a user may use
external programmer 40 to provide pre-determined ther-
apy responses, such as stimulation 28, after determining
a need for therapy through one or more medical leads
26A, 26B.

[0031] In the example of FIG. 2, IMD 20 is illustrated
as an IMD for providing therapy to the torso of patient
12. However, in other examples, IMD 20 may be a neu-
rostimulator, cardiac monitor, cardiac defibrillator, cardi-
acpacemakers, or any other type of mobile or non-mobile
computing device suitable for performing the techniques
described herein.

[0032] FIG. 3 is a conceptual diagram illustrating an
example IMD 20 with a fastener device 24 configured to
secure medical leads 26A, 26B to the IMD. In the example
of FIG. 3, IMD 20 includes several components of medical
systems 10, 11 in FIGS. 1-2, such connector block 22,
medical leads 26A, 26B, and stimulation 28. In the ex-
ample of FIG. 3, IMD 20 further includes housing 25 and
fastener device 24.

[0033] Housing 25 of IMD 20 can be formed from con-
ductive materials, non- conductive materials or a combi-
nation thereof. As described herein, housing 25 of IMD
20 may provide a substantially sealed environment for
one or more processors, memories, transmitters, receiv-
ers, transceivers, sensors, sensing circuitry, therapy cir-
cuitry, antennas, power sources, and other components
of IMD 20. In the example of FIG. 1-2, IMD 20 delivers
therapy, such as stimulation 28 therapy, through one or
more medical leads 26A, 26B connected operatively to
IMD 20 by connector block 22 utilizing one or more fas-
teners, such as fastener device 24 as described in FIG. 6.
[0034] In the example of FIG. 3, connector block 22 of
IMD 20 includes two fastener devices 24 each utilized to
secure a respective medical lead 26A, 26B. In another
example, connector block 22 of IMD 20 may include one
or more than two fastener devices 24 along the border
of connector block 22 to allow an operative connection
of two or more medical leads to IMD 20.

[0035] FIG. 4 is a functional block diagram illustrating
various components of an IMD. As shown in FIG. 4, IMD
20 includes processor 30, memory 32, therapy module
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34, telemetry module 36, power source 38, and other
various hardware components that provide functionality
for operation of the device. For example, IMD 20 includes
one or more programmable processors 30 configured to
operate according to executable instructions, typically
stored in a computer-readable medium or memory 32
such as static, random-access memory (SRAM) device
or Flash memory device. IMD 20 may include additional
discrete digital logic or analog circuitry not shown in FIG.
4.

[0036] Therapy module 34 may connectto one or more
medical leads 16, 26A-26D. IMD 20 may utilize therapy
module 34 connected to one or more medical leads 16,
26A-26D to detect and recognize irregularities with the
patient that require treatment and/or therapy based on
instructions from processor 30. In another example, IMD
20 may utilize therapy module 34 connected to one or
more medical leads 16, 26A-26D to provide treatment
and/or therapy, such as stimulation 28 as described and
showninFIGS. 2-3, based oninstructions from processor
30.

[0037] Telemetry module 34 may comprise any unit
capable of facilitating wireless data transfer between IMD
20 and an external programmer 40, where external pro-
grammer 40 may comprise an external medical device,
aprogramming device, a remote telemetry station, a phy-
sician-activated device, a patient-activated device, a dis-
play device or any other type of device capable of sending
and receiving signals to and from IMD 20. Telemetry
module 34 and external programmer 40 are respectively
coupled to one or more antennas for facilitating the wire-
less data transfer. Telemetry module 34 may be config-
ured to perform any type of wireless communication. For
example, telemetry module 34 may send and receive ra-
dio frequency (RF) signals, infrared (IR) frequency sig-
nals, or other electromagnetic signals. Any of a variety
of modulation techniques may be used to modulate data
on a respective electromagnetic carrier wave. Alterna-
tively, telemetry module 34 may use sound waves for
communicating data, or may use the patient’s tissue as
the transmission medium for communicating with a pro-
grammer positioned on the skin of a patient. In any event,
telemetry module 34 facilitates wireless data transfer be-
tween IMD 20 and external programmer 40.

[0038] Power source 38 may be a rechargeable bat-
tery, such as a lithium ion or nickel metal hydride battery.
Other rechargeable or conventional batteries may also
be used. In some examples, external programmer 40
may be configured to recharge IMD 20 in addition to pro-
gramming IMD 20.

[0039] FIG. 5 is a functional block diagram illustrating
various components of external programmer for an IMD.
As shown in FIG. 5, external programmer 40 includes
user interface 54, processor 50, memory 52, telemetry
module 56, and power source 60. A clinician or patient
interacts with user interface 54 in order to manually
change the parameters of a therapy program, change
therapy programs within a therapy of programs, view
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therapy information, view historical therapy regimens,
establish new therapy regimens, or otherwise communi-
cate with IMD, such as IMD 20 in FIGS. 1-2, or view or
edit programming information.

[0040] Userinterface 54 may include a screen and one
or more input buttons, that allow external programmer
40 to receive input from a user. Alternatively or addition-
ally, user interface 54 may additionally or only utilize a
touch screen display. The screen may be a liquid crystal
display (LCD), dot matrix display, organic light-emitting
diode (OLED) display, touch screen, or any other device
capable of delivering and/or accepting information.
[0041] Input buttons for user interface 54 may include
a touch pad, increase and decrease buttons, emergency
shut off button, and other buttons needed to control the
therapy, as described above with regard to patient pro-
grammer 40. Processor 50 controls user interface 54,
retrieves data from memory 52 and stores data within
memory 52. Processor 50 also controls the wireless
transmission of data through telemetry module 56 to an
IMD, such as IMD 20 in FIGS. 1-2, by transmitting data
to telemetry module 36 as described in FIG. 4. The trans-
mitted data may include therapy program information
specifying various drug delivery program parameters.
Memory 52 may include operational instructions for proc-
essor 50 and data related to therapy for the patient.
[0042] Power source 60 may be a rechargeable bat-
tery, such as a lithium ion or nickel metal hydride battery.
Other rechargeable or conventional batteries may also
be used. In some cases, external programmer 40 may
be used when coupled to an alternating current (AC) out-
let, i.e., AC line power, either directly or via an AC/DC
adapter. In some examples, external programmer 40
may be configured to recharge IMD 20 in addition to pro-
gramming IMD 20.

[0043] FIG. 6 illustrates an exploded view of the com-
ponents of fastener device 24, including actuator 131.
Actuator 131 includes outer fixed member 130, O-ring
134 and rotatable actuation member 120. Fastener de-
vice 24 further includes clamp block 101, which includes
clamp 102 and rigid body 104. Actuator 131 facilitates
opening and closing of clamp 102 by the rotation of ro-
tatable actuation member 120. In particular, rotation of
rotatable actuation member 120 causes cam member
124 to act on clamp protrusion 112 to open and close
clamp 102.

[0044] O-ring 134 serves to seal the interior of fastener
device 24 from an external environment. In the example
of FIG. 6, O-ring 134 is a circular shape and positioned
in groove 122 between top portion 121 of rotatable actu-
ation member 120 and outer fixed member 130 as de-
scribed herein. O-ring 134 may be an elastic material,
such as rubber, plastic, or any other elastic material that
provides afluidic isolation seal to prevent unwanted elec-
trical discharge of current within the conductors of fas-
tener device 24.

[0045] Outerfixed member 130 provides a substantial-
ly cylindrical shape and combines with the surface of cam
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member 124 and the surface of top portion 132 of rigid
body 104 as described in FIGS. 9A-9C to operatively
connect rotatable actuation member 120, outer fixed
member 130, top portion 132 of rigid body 104 to form
fastener device 24. Outer fixed member 130is configured
to mount on top portion 132 of rigid body 104. For exam-
ple, outer fixed member 130 may be mount on top portion
132 of rigid body 104 with an epoxy or weld seal. In an-
other example, an O-ring may be positioned within
groove 133 (FIG. 9C) of outer fixed member 130 to form
a fluid isolation seal between outer fixed member 130
and rigid body 104. In afurther example, outer fixed mem-
ber 130 may be combined with a unitary component with
clamp block 101 or only rigid body 104. In some exam-
ples, outer fixed member 130 may screw onto the threads
of top portion 132 of rigid body 104. In other examples,
outer fixed member 130 may slide onto top portion 132
of rigid body 104. Outer fixed member 130 may be a
conductive or non-conductive material. In one example,
outer fixed member 130 is titanium. In another example,
outer fixed member 130 is polymer such as PEEK or
other suitable material.

[0046] As shown in FIG. 6, clamp block 101 includes
clamp 102 and rigid body 104. Clamp 102 defines the
perimeter of clamp aperture 110 between first end 106
of clamp 102 which is connected to a side of rigid body
104 and second end 108 of clamp 102 which is connected
to clamp protrusion 112. Clamp protrusion 112 extends
into rigid body aperture formed by top portion 132 of rigid
body 104. Top portion 132 of rigid body 104 may be a
substantially cylindrical shape. In the example of FIG. 6,
top portion 132 is formed in the shape of a ring and ex-
tends above rigid body 104 forming the perimeter of the
rigid body aperture, which surrounds clamp protrusion
112. Opening and closing of clamp aperture 110 is ac-
complished by actuation of clamp protrusion 112 using
actuator 131 including rotatable actuation member 120
and outer fixed member 130.

[0047] Inorderto secure the proximal end of a medical
lead, a clinician positions the proximal end of the medical
lead within clamp aperture 110, and then actuates rotat-
able actuation member 120. Actuation of rotatable actu-
ation member 120 reduces the perimeter of clamp aper-
ture 110 as clamp protrusion 112 is moved, thereby re-
ducing the space between first end 106 and second end
108 of clamp 102 and applying a compressive force on
the perimeter of the proximal the medical lead. The com-
pressive force applied about the perimeter of the proximal
end of the medical lead may be substantially uniform due
to the construction of fastener device 24. By applying a
compressive force on the perimeter of the proximal end
of the medical lead within clamp aperture 110 of clamp
102, the medical lead may be secured by fastener device
24, connector block 22, and ultimately IMD 20 as de-
scribed in FIGS 1-3.

[0048] FIGS.7A-7C illustrate rotatable actuation mem-
ber 120. Rotatable actuation member 120 includes a top
portion 121 and cam member 124 As best shown in FIG.
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7A, top portion 121 provides a cylindrical shape with an
actuation recess 136 in its top surface and a circumfer-
ential groove 122 about its perimeter. Cam member 124
is located opposite actuation recess 136. As shown in
FIG. 7A, actuation recess 136 is square and configured
to receive a square bit. In other examples, actuation re-
cess 136 may be a standardized recess for use with a
Phillips screwdriver, an allen wrench, torx wrench, a bris-
tol wrench, or any other device capable of actuating ro-
tatable actuation member 120. In other examples, rotat-
able actuation member 120 may include a lever to facil-
itate rotation. For example, such a lever may be actuate-
able by a clinician by hand or with a tool, such as a for-
ceps.

[0049] As best shown in FIG. 7B, cam member 124
forms a substantially cylindrical shape with a cam recess
115 in the surface of cam member 124 that opposes top
portion 121. Cam recess 115 is configured to receive
protrusion 112 of clamp 102 as described in FIGS. 9A-
9C or protrusions 113A, 113B of clamp 103 as described
in FIG. 11.

[0050] Cam member 124 provides a generally cylindri-
cal outer surface to facilitate rotation of rotatable actua-
tion member 120 within rigid block aperture 114 of clamp
block 101 about a central axis. As best shown in FIG.
7C, cam member 124 includes a thinner first portion 129
and a thicker second portion 128 providing an interior
surface of cam member 124 that combines with the sur-
face of protrusion 112 of clamp 102 as described in FIGS.
9A-9C or protrusions 113A, 113B of clamp 103 as de-
scribed in FIG. 11 to facilitate actuation of the flexible
clamp in response to the rotation of rotatable actuation
member 120. In this manner, the irregular shape of cam
recess 115 represents a cam when combined with pro-
trusion 112 of clamp 102 as described in FIGS. 9A-9C
or protrusions 113A, 113B of clamp 103 as described in
FIG. 11. In another example of cam member 124, first
portion 129 may be a notch and second portion 128 may
be a uniform perimeter defining cam recess 115. In other
examples, first portion 129 and second portion 128 may
form a symmetrical oblong shape in the surface of cam
member 124.

[0051] FIGS. 8A-8C illustrate examples of clamp block
101, which includes clamp 102 and rigid body 104. As
best shown in FIG. 8A, clamp 102 forms the perimeter
of clamp aperture 110 between first end 106 of clamp
102 which is connected to a side of rigid body 104 and
second end 108 of clamp 102, which is connected to
clamp protrusion 112. Opening and closing of clamp ap-
erture 110 is accomplished by actuation of clamp protru-
sion 112 using rotatable actuation member 120. In other
examples, a different mechanism, such as a screw or
lever or any other suitable technique may be used to
actuate clamp protrusion 112.

[0052] Clamp 102 is connected to and surrounded by
rigid body 104, which connects to the side of rigid body
104 by first end 1 06 of clamp 102. Clamp 102 forms a
partial ring with a cut out between first end 106 and sec-
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ond end 108 of clamp 102. In some examples, clamp
aperture 110 is substantially circular. In other examples,
clamp aperture 110 is substantially similar in shape to
the perimeter of an electrical contact of a medical lead
configured to be electrically and mechanically connected
to fastener device 24.

[0053] As best shown in FIG. 8B, rigid body 104 in-
cludes clamp aperture 110 and top portion 132. In an
example of FIG. 8B, rigid body 104 further includes clamp
protrusion 112 integrated into and surrounded by rigid
body 104 and extending into rigid block aperture 114 of
rigid body 104 defined by top portion 132.

[0054] Clamp protrusion 112 is connected to second
end of 108 of clamp 102 and may be provide an oblong
shape. In the example of FIG. 8B, clamp protrusion 112
is oblong with the widest portion of clamp protrusion 112
perpendicular to the widest portion of the bore of clamp
block 101. In another example, clamp protrusion 112 is
oblong with the widest portion of clamp protrusion 112
parallel to the widest portion of the bore of clamp block
101. In some examples, clamp protrusion 112 may be
an oblong shape extending beyond top portion 132 of
rigid body aperture 114 of rigid body 104. The oblong
and noncircular of shape clamp protrusion 112 combines
with the noncircular shape of cam recess 115 of rotatable
actuation member 120 (FIG. 7C).

[0055] Top portion 132 of rigid body 104 may be a sub-
stantially cylindrical shape. In the example of FIG. 8B,
top portion 132 is formed in the shape of a ring and ex-
tends above rigid body 104 forming the perimeter of rigid
body aperture 114, which surrounds clamp protrusion
112. In other examples, clamp block 101 may notinclude
top portion 132, and rigid body aperture 114 may be de-
fined by rigid body 104.

[0056] As best shown in FIG. 8C, clamp 102 forms a
ring with a cut out between first end 106 and second end
108 of clamp 102 to define the perimeter of clamp aper-
ture 110. In some examples, the perimeter of clamp 110
is substantially circular. In other examples, the perimeter
of clamp 110 may provide a different shape. Forexample,
the perimeter of clamp 110 may be substantially similar
to the perimeter of a noncircular electrical contact at the
proximal end of a medical lead. First end 106 of clamp
102 is operatively connected to the side of rigid body 104
and second end 108 is operatively connected to clamp
protrusion 112. Clamp protrusion 112 forming an oblong
shape with the widest portion perpendicular to the widest
portion of the bore of clamp block 101 extends into rigid
body aperture 114 defined by top portion 132 of rigid
body 104. In some examples, top portion 132 forms a
circular ring defining the perimeter of rigid body aperture
114. In other examples, top portion 132 forms a non-
circular shape, defining the perimeter of rigid body aper-
ture 114. In examples of top portion 132 forming a non-
circular shape, the rotatable actuation member may be
a screw as described in FIG. 10.

[0057] Clamp block 101 may be formed out of conduc-
tive material, such as titanium. In one example, clamp



13 EP 3 060 296 B1 14

block 101 may be milled using standard milling process-
es, such as EDM. For example, clamp block 101 may be
milled from a single block of material such that rigid body
104 is operatively connected to clamp 102, integrating
clamp 102 into the interior of rigid body 104.

[0058] FIGS. 9A-9C illustrate fastener device 24 in a
fully assembled configuration. Fastener device 24 in-
cludes clamp block 101, which includes clamp 102 and
rigid body 104 and further includes outer fixed member
130, O-ring 134 and rotatable actuation member 120
[0059] As best shown by FIG. 9C, cam recess 115,
which is defined by cam member 124 of rotatable actu-
ation member 120, is operatively connected to outer fixed
member 130 to form actuator 131. In other examples,
rotatable actuation member 120 may include cam mem-
ber 124 positioned in rigid block aperture 114 to surround
clamp protrusion 112 extended into cam recess 115. As
best shown in FIG. 9C, actuator 131 facilitates sealing
between an external environment and the interior of fas-
tener device 24. In particular, actuator 131 includes O-
ring 134 within groove 122 in rotatable actuation member
120 and groove 123 in outer fixed member 130. O-ring
134 provides a seal between rotatable actuation member
120, outer fixed member 130, and top portion 132 of rigid
body 104. Rotatable actuation member 120 includes ac-
tuation recess 136, which may be a standardized aper-
ture for use with a Phillips screwdriver, an allen wrench,
torx wrench, a bristol wrench, or any other shape to fa-
cilitate rotation of rotatable actuation member 1 20 with
a standard or proprietary tool. In other examples, rotat-
able actuation member 120 may include a lever to facil-
itate rotation. For example, such a lever may be actuate-
able by a clinician by hand or with a tool, such as a for-
ceps.

[0060] Upon actuation of rotatable actuation member
120 by actuation recess 136, cam member 124, including
the thinner first portion 129 and thicker second portion
128 forming an oblong shape, presses on clamp protru-
sion 112 to operably open or close clamp 102. More par-
ticularly, as the clamp protrusion 112 is actuated on by
cam member 124 in cam recess 115, the perimeter of
clamp aperture 110 is changed according to the position
of first portion 129. In one example, the perimeter of
clamp aperture 110 is reduced as first portion 129 is
moved over first end 106 of clamp 102. In another exam-
ple, the perimeter of clamp aperture 110 is expanded as
thicker second portion 128 is moved over first end 106
of clamp 102. Generally, the change in perimeter of clamp
aperture 110 is limited by the space between first end
106 of clamp 102 and second end 108 of clamp 102. In
other examples, the change of in perimeter of clamp ap-
erture 110 overlaps first end 106 of clamp 102 with sec-
ond end 108 of clamp 102.

[0061] Inorderto secure the proximal end of a medical
lead, a clinician positions the proximal end of the medical
lead within clamp aperture 110, and then actuates rotat-
able actuation member 120. Actuation of rotatable actu-
ation member 120 reduces the perimeter of clamp aper-
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ture 110 asfirst portion 129 of cam member 124 is moved
over first end 106 of clamp 102, thereby applying a com-
pressive force on the perimeter of the proximal the med-
ical lead. By applying a compressive force on the perim-
eter of the proximal end of medical lead 16, 26A, 26B
within clamp aperture 110 of clamp 102, medical lead
16, 26A, 26B may be secured by fastener device 24,
connector block 22, and ultimately IMD 20. The compres-
sive force applied about the perimeter of the proximal
end of the medical lead may be substantially uniform due
to the construction of fastener device 24. First portion
129 may function as a detent to lock clamp 102 in place
inthe closed position. Inother examples, afixation device
may include a positive stop located slightly beyond the
maximum compressive force in order to lock clamp 102
in place in the closed position.

[0062] Inordertorelease the proximal end of a medical
lead from fastener device 24, a clinician turns rotatable
actuation member 120 to disengage clamp protrusion
112 from first portion 129, which may function as a detent.
Turning rotatable actuation member 120, the perimeter
of clamp aperture 110 is expanded as second portion
128 of cam member 124 is moved over first end 106 of
clamp 102, releasing the compressive force on the pe-
rimeter of the proximal end of the medical lead. By re-
leasing the compressive force on the perimeter of the
proximal end of the medical lead within clamp aperture
110 of clamp 102, the medical lead may be released by
fastener device 24, connector block 22, and ultimately
IMD 20.

[0063] In another example, clamp 102 may have one
or more positive stops to prevent actuation of rotatable
actuation member 120 beyond a specific rotation. For
example, in FIG. 9C, first end 106 of clamp 102 forms
connects to rigid body 104, but also forms a positive stop
to second end 108 of clamp 102. In other examples, ro-
tatable actuation member 120 may also have one or more
positive stops to prevent actuation of rotatable actuation
member 120 beyond a specific rotation. For example,
cam member 124 may contain a groove substantially sur-
rounding the surface of cam member 124, and rigid body
aperture 114 of rigid body 104 may have a notch in the
groove of cam member 124 that acts as a positive stop
to prevent rotatable actuation member 120 from rotating
beyond a specific rotation. By utilizing positive stops, fas-
tener device 24 can be configured to provide specific
compression pressures or forces on the electrical contact
in clamp aperture 110. The specific compression pres-
sures may provide better seals and/or prevent crushing
or pinching of the electrical contact.

[0064] FIG. 10is a conceptual diagram of fastener de-
vice 200. Fastener device 200 is substantially similar to
fastener device 24 with the exception that rotatable ac-
tuation member 220 provides screw 240 instead of acam
to actuate protrusion 112 of clamp 102. In the example
of fastener device 200, screw 240 may be placed on an
axis extending through outer fixed member 230 and rigid
body 104 to protrusion 112 of clamp 102 in a generally
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perpendicular orientation to the central axis of clamp ap-
erture 110. Upon actuation of screw 240, screw 240 op-
erates to change the perimeter of clamp aperture 110
compressing or deapplying a compressive force on the
perimeter of the electrical contact within clamp aperture
110 securing or releasing the electrical contact in clamp
aperture 110.

[0065] FIG. 11 is a conceptual diagram illustrating an
example of fastener device 300 configured to electrically
and mechanically connect a medical lead to an IMD. In
the example of FIG. 11, fastener device 300 includes
components from fastener device 24 of FIGS. 7A-7C, 7,
8A-8C, and 9A-9C such asrigid body 104, clamp aperture
110, rigid block aperture 114, top portion 132 of rigid body
104, and actuator 131 including outer fixed member 130
and rotatable actuation member 120 with actuation re-
cess 136, groove 122 with O-ring 134, cam member 124
including first portion 129 and second portion 128 defin-
ing cam recess 115.

[0066] In the example of FIG. 11, fastener device 300
further includes components of fastener device 24 of
FIGS. 7A-7C, 7, 8A-8C, and 9A-9C such as clamp 103,
first end 107A of clamp 103 operatively connected to
clamp protrusion 113A, connection 109 of clamp 103 op-
eratively connected to rigid body 104, second end 107B
of clamp 103 operatively connected to clamp protrusion
113B.

[0067] In one example of fastener device 300, clamp
103, rigid body 104, first end 107A, second end 107B,
and clamp protrusion 113A, 113B may be of unitary con-
struction. In another example, clamp 103, rigid body 104,
first end 107A, second end 107B, and clamp protrusion
113A, 113B may be machined using standard machining
techniques, such as milling followed by wire EDM proc-
ess. In other examples, clamp 103, first end 107A, sec-
ond end 107B, clamp protrusion 113A, 113B, may be
made of conductive material, such as titanium.

[0068] In the example of FIG. 11, clamp 103 forms a
perimeter of clamp aperture 110 between first end 107A
operatively connected to clamp protrusion 113A and sec-
ond end 107B operatively connected to clamp protrusion
113B, which is operatively connected to rigid body 104
by connection 109 between first end 107A and second
end 107B. In some examples, clamp protrusions 113A,
113B extends into cam recess 115 which is defined by
cam member 124 of rotatable actuation member 120
which may be operatively connected to outer fixed mem-
ber 130 to form actuator 131 which may also be opera-
tively connected to rigid body 104. Actuator 131 may form
gasket between rotatable actuation member 120 and out-
er fixed member 130 utilizing groove 122 and O-ring 134.
[0069] Upon actuation of rotatable actuation member
120 by actuation recess 136, cam member 124, including
thinner first portion 129 and thicker second portion 128
form an oblong shape, presses on clamp protrusions
113A, 113B, which are extending into cam recess 115
to operably open or close clamp 103. More particularly,
as the clamp protrusions 113A, 113B are actuated on by
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cam member 124 in cam recess 115, the perimeter of
clamp aperture 110 is changed according to the position
of first portion 129. In one example, the perimeter of
clamp aperture 110 is reduced as first portion 129 is
moved between first end 1 07A and second end 107B of
rigid body 104. In another example, the perimeter of
clamp aperture 110 is expanded as first portion 129 is
moved over first end 107A or second end 107B. In other
examples, the shape by first portion 129 and second por-
tion 128 into the surface of cam member 124 is symmet-
rically oblong.

[0070] Inorderto secure the proximal end of a medical
lead, a clinician positions the proximal end of the medical
lead within clamp aperture 110, and then actuates rotat-
able actuation member 120 until clamp protrusion 112
engages first portion 129, which may function as a detent.
Actuation of rotatable actuation member 120 reduces the
perimeter of clamp aperture 110 as first portion 129 of
cam member 124 is between first end 107A and second
end 107B of rigid body 104, thereby applying a compres-
sive force on the perimeter of the proximal the medical
lead. By applying a compressive force on the perimeter
of the proximal end of medical lead 16, 26A, 26B within
clamp aperture 110 of clamp 103, medical lead 16, 26A,
26B may be secured by fastener device 300, connector
block 22, and ultimately IMD 20. The compressive force
applied about the perimeter of the proximal end of the
medical lead may be substantially uniform due to the con-
struction of fastener device 300.

[0071] Inordertorelease the proximal end of a medical
lead from fastener device 24, a clinician turns rotatable
actuation member 120 to disengage clamp protrusion
112 from first portion 129, which may function as a detent.
Turning rotatable actuation member 120 in either direc-
tion, the perimeter of clamp aperture 110 is expanded as
thinner first portion 129 of cam member 124 is moved
over first end 107A of rigid body 104 or second end 107B
of rigid body 104, releasing the compressive force on the
perimeter of the proximal end of the medical lead. By
releasing the compressive force on the perimeter of the
proximal end of the medical lead within clamp aperture
110 of clamp 103, the medical lead may be released by
fastener device 300, connector block 22, and ultimately
IMD 20.

[0072] Some IMDs, such as implantable pulse gener-
ators utilize a setscrew in combination with a setscrew
block to fixate the medical lead to the IMD. Therefore,
during implantation of the IMD, the user turns the set-
screw in the setscrew block to pinch the medical lead
between the contact surface of the setscrew and the con-
tact surface of the setscrew block. By pinching the med-
ical lead, the user is using the setscrew to apply a non-
uniform force(s) and/or pressure(s), e.g., a point load,
across the contact surface of the setscrew and the med-
ical lead and across the contact surface of the setscrew
block and the medical lead. The disclosed examples of
fastener device 24 as described in FIGS. 9A-9C or fas-
tener device 300 as described in FIG. 11 may prevent
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crushing of the medical lead connector ring as the load
is applied by the flexible clamp in a uniform manner.
[0073] In some examples, fastener device 24 as de-
scribed in FIGS. 9A-9C or fastener device 300 as de-
scribed in FIG. 11 may prevent movement of the medical
lead as clamp 102 compresses the perimeter of the med-
ical lead. In other examples, fastener device 24 as de-
scribed in FIGS. 9A-9C or fastener device 300 as de-
scribed in FIG. 11 may prevent damage to the medical
lead from exposed threads of a setscrew as the medical
lead is inserted into the clamp aperture 110 because the
disclosed fastener devices contain no exposed threads.
Moreover, fastener device 24 as described in FIGS. 9A-
9C or fastener device 300 as described in FIG. 11 may
also provide concentricity with respect to the isolation
seals and electrical contacts because the perimeter of
clamp aperture 110 may be similar to the perimeter of
the proximal end of the medical lead. Additionally, in
some cases the fastener device 24 as described in FIGS.
9A-9C or fastener device 300 as described in FIG. 11
may allow for reduction in size of IMD 20, medical leads
16, 26A, 26, 26B and connector block 22.

[0074] FIG. 12is aflowdiagram of an example process
400 for securing a medical lead 16 to an IMD 20 with
fastener device 24 as described in FIGS. 9A-9C or fas-
tener device 300 as described in FIG. 11. Process 400
includes inserting, a proximal end of the medical lead 16
including at least one electrical contactin clamp aperture
110 defined either by clamp 102 integrated into fastener
device 24 or by clamp 103 integrated into fastener device
300 (402). Process 400 further includes actuating actu-
ator 131 to actuate either clamp protrusion 112 or clamp
protrusions 113A, 113B to compresses the perimeter of
the electrical contact and electrically and mechanically
connectthe electrical contactto fastener device 24 (404).
[0075] Techniques disclosed herein may include a
method comprising inserting a proximal end of a medical
leadincluding atleast one electrode into a clamp aperture
defined by a flexible clamp of a fastener device including
a flexible clamp block of an implantable medical device,
wherein the fastener device includes the flexible clamp
forming the clamp aperture, wherein the flexible clamp
includes a clamp protrusion configured to facilitate actu-
ation of the flexible clamp, a rigid body, wherein the rigid
body connects to and surrounds the flexible clamp, and
an actuator configured to actuate on the clamp protrusion
to change a perimeter of the clamp aperture, wherein the
change in the perimeter of the clamp aperture by the
actuator is configured to apply a compressive force about
a perimeter of an electrical contact of a medical lead in
the clamp aperture to electrically and mechanically con-
nect the medical lead to the fastener device, and actuat-
ing, the actuator configured to actuate the clamp protru-
sion to apply a compressive force about the perimeter of
the electrical contactto electrically and mechanically con-
nect the medical lead to the fastener device.

[0076] In some examples, the perimeter of the clamp
aperture may be substantially circular. In some exam-
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ples, the flexible clamp and rigid body may be formed
from a unitary construction. In some examples, the ac-
tuator may include a cam. In these examples, the cam
may include an outer fixed member on the rigid body,
wherein the outer fixed member defines a second aper-
ture, and a rotatable actuation member including a cam
member configured to actuate the clamp protrusion when
the rotatable actuation member is rotated, wherein the
rotatable actuation member is formed with the cam mem-
ber, wherein the cam member defines a cam recess,
wherein at least a portion of the clamp protrusion extends
within the cam recess positioning the cam member be-
tween the rigid body and the clamp protrusion, wherein
the actuation of the rotatable actuation member in the
second aperture of the outer fixed member causes the
cam member to rotate relative to the rigid body and the
clamp protrusion, wherein the movement of the cam
member changes a distance between the rigid body and
the clamp protrusion, and wherein the change in the dis-
tance between the rigid body and the clamp protrusion
changes the perimeter of the clamp aperture. In some
examples, the method may further comprise implanting
amedical device with the fastener device inside a patient.
[0077] Various examples have been described by way
of this description and the accompanying figures. The
scope of the presentinventionis defined by the appended
claims.

Claims

1. Afastenerdevice (24,200, 300) for a medical device
comprising:

a flexible clamp (102, 103, 110) forming a clamp
aperture (110),

wherein the flexible clamp includes a clamp pro-
trusion (112, 113A, 113B) configured to facilitate
actuation of the flexible clamp;

a rigid body (104),

wherein the rigid body connects to and sur-
rounds the flexible clamp; and

an actuator (131) configured to actuate on the
clamp protrusion to change a perimeter of the
clamp aperture,

wherein the change of the perimeter of the clamp
aperture by the actuator is configured to apply
a compressive force about a perimeter of an
electrical contact of a medical lead (16, 26A,
26B) in the clamp aperture to electrically and
mechanically connect the medical lead to the
fastener device,

characterised in that:

the flexible clamp and rigid body are formed from
a unitary construction.

2. Thefastenerdevice of claim 1, wherein the perimeter
of the clamp aperture is substantially circular.
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The fastener device of any of claims 1 - 2, wherein
the flexible clamp and rigid body are formed of tita-
nium.

The fastener device of any of claims 1 - 3, wherein
the actuator includes at least one of a group consist-
ing of:

a screw (240); and
a cam.

The fastener device of any of claims 1 - 3, wherein
the actuator includes a cam comprising:

an outer fixed member (130, 230) on the rigid
body, wherein the outer fixed member defines
a second aperture; and

a rotatable actuation member (120) including a
cam member (124) configured to actuate the
clamp protrusion when the rotatable actuation
member is rotated,

wherein the rotatable actuation member is
formed with the cam member, wherein the cam
member defines a cam recess (115),

wherein atleasta portion of the clamp protrusion
extends within the cam recess positioning the
cam member between the rigid body and the
clamp protrusion,

wherein the actuation of the rotatable actuation
member in the second aperture of the outer fixed
member causes the cam member to rotate rel-
ative to the rigid body and the clamp protrusion,
wherein the movement of the cam member
changes a distance between the rigid body and
the clamp protrusion, and wherein the change
in the distance between the rigid body and the
clamp protrusion changes the perimeter of the
clamp aperture.

The fastener device of claim 5, wherein the cam com-
prises a gasket including an O-ring positioned be-
tween the outer fixed member on the rigid body and
the rotatable actuation member to provide a seal.

The fastener device of any of claims 4 - 6, wherein
the cam comprises a nonconductive material.

The fastener device of any of claims 1 - 7, wherein
the flexible clamp is attached to a side of the rigid
body at a first end (106, 107A) of the flexible clamp
and the clamp protrusion is connected to a second
end of the flexible clamp.

The fastener device of any of claims 1 - 7, wherein
the flexible clamp is attached to the rigid body be-
tween a first end (106, 107A) of the flexible clamp
and a second end (107B, 108) of the flexible clamp,
wherein the first end of the flexible clamp or the sec-
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12.
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14.

20

ond end of the flexible clamp connect to the clamp
protrusion.

The fastener device of claim 8 or claim 9, wherein
the change of the perimeter of the clamp aperture
causes the flexible clamp to overlap the first end with
the second end.

An implantable medical device comprising:

a processor (30, 50);

a power supply (38, 60);

a stimulation generator;

a housing (25) forming a substantially sealed
enclosure, the processor, the power supply, and
the stimulation generator being located within
the substantially sealed enclosure; and

a connector block (22) configured to provide an
electrical connection between the stimulation
generator and a medical lead (16, 26A, 26B),
the connector block including at least one fas-
tener device (24, 200, 300), wherein the at least
one fastener device comprises the fastener de-
vice of any of claims 1 - 10.

The implantable medical device of claim 11, further
comprising the medical lead, wherein the medical
lead is electrically and mechanically connected to
the at least one fastener device in that a perimeter
of an electrical contact is compressed by the flexible
clamp within the clamp aperture of the at least one
fastener device.

The implantable medical device of claim 11, further
comprising the medical lead, wherein the medical
lead is electrically and mechanically connected to
the at least one fastener device in that a proximal
end of the medical lead including at least one elec-
trode is inserted into the clamp aperture defined by
the flexible clamp of the at least one fastener device
including a flexible clamp block (101) of the implant-
able medical device, and wherein the actuator is ac-
tuated to apply a compressive force about a perim-
eter of an electrical contact to electrically and me-
chanically connect the medical lead to the at least
one fastener device.

The implantable medical device of any of claims 11
- 13, wherein the implantable medical device is con-
figured to provide one of: spinal cord therapy and
gastric stimulation therapy.

Patentanspriiche

1.

Befestigungsvorrichtung (24, 200, 300) fiir eine me-
dizinische Vorrichtung, umfassend:
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eine flexible Klemme (102, 103, 110), die eine
Klemmendéffnung (110) bildet,

wobei die flexible Klemme einen Klemmenvor-
sprung (112, 113A, 113B) umfasst, der konfigu-
riert ist, um das Betatigen der flexiblen Klemme
zu erleichtern;

einen starren Korper (104),

wobei der starre Kérper mit der flexiblen Klem-
me verbunden ist und sie umgibt; und

eine Betatigungseinrichtung (131), die konfigu-
riert ist, um auf den Klemmenvorsprung einzu-
wirken, um einen Umfang der Klemmenéffnung
zu andern,

wobei die Anderung des Umfangs der Klem-
mendffnung durch die Betatigungseinrichtung
konfiguriert ist, um eine Druckkraft um einen
Umfang eines elektrischen Kontakts einer me-
dizinischen Leitung (16, 26A, 26B) in der Klem-
meno6ffnung aufzubringen, um die medizinische
Leitung elektrisch und mechanisch mit der Be-
festigungsvorrichtung zu verbinden,

dadurch gekennzeichnet, dass:

die flexible Klemme und der starre Korper aus
einer einheitlichen Konstruktion gebildet sind.

Befestigungsvorrichtung nach Anspruch 1, wobei
der Umfang der Klemmendéffnung im Wesentlichen
kreisférmig ist.

Befestigungsvorrichtung nach einem der Anspriiche
1-2,wobeidie flexible Klemme und der starre Kérper
aus Titan gebildet sind.

Befestigungsvorrichtung nach einem der Anspriiche
1 - 3, wobei die Betatigungseinrichtung mindestens
eines aus einer Gruppe umfasst, bestehend aus:

einer Schraube (240); und
einem Nocken.

Befestigungsvorrichtung nach einem der Anspriiche
1 - 3, wobei die Betatigungseinrichtung einen No-
cken beinhaltet, umfassend:

ein duleres feststehendes Element (130, 230)
an dem starren Korper, wobei das auliere fest-
stehende Element eine zweite (")ffnung definiert;
und

ein drehbares Betatigungselement (120), das
ein Nockenelement (124) umfasst, das konfigu-
riert ist, um den Klemmenvorsprung zu betati-
gen, wenn das drehbare Betatigungselement
gedreht wird,

wobei das drehbare Betatigungselement mit
dem Nockenelement ausgebildet ist, wobei das
Nockenelement eine Nockenaussparung (115)
definiert,

wobei sich mindestens ein Abschnitt des Klem-
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menvorsprungs innerhalb der Nockenausspa-
rung erstreckt, wodurch das Nockenelement
zwischen dem starren Koérper und dem Klem-
menvorsprung positioniert wird,

wobei die Betdtigung des drehbaren Betati-
gungselements in der zweiten Offnung des &u-
Reren feststehenden Elements bewirkt, dass
sich das Nockenelement in Bezug auf den star-
ren Kdrper und den Klemmenvorsprung dreht,
wobei die Bewegung des Nockenelements ei-
nen Abstand zwischen dem starren Kérper und
dem Klemmenvorsprung andert, und wobei die
Anderung des Abstands zwischen dem starren
Korper und dem Klemmenvorsprung den Um-
fang der Klemmendéffnung andert.

Befestigungsvorrichtung nach Anspruch 5, wobei
der Nocken eine Dichtung mit einem O-Ring um-
fasst, der zwischen dem auReren feststehenden Ele-
ment an dem starren Kérper und dem drehbaren Be-
tatigungselement angeordnet ist, um eine Dichtung
bereitzustellen.

Befestigungsvorrichtung nach einem der Anspriiche
4 - 6, wobei der Nocken ein nicht leitfahiges Material
umfasst.

Befestigungsvorrichtung nach einem der Anspriiche
1 -7, wobei die flexible Klemme an einer Seite des
starren Korpers an einem ersten Ende (106, 107A)
der flexiblen Klemme befestigtist und der Klemmen-
vorsprung mit einem zweiten Ende der flexiblen
Klemme verbunden ist.

Befestigungsvorrichtung nach einem der Anspriiche
1 -7, wobei die flexible Klemme an dem starren Kor-
per zwischen einem ersten Ende (106, 107A) der
flexiblen Klemme und einem zweiten Ende (1078,
108) der flexiblen Klemme befestigt ist, wobei das
erste Ende der flexiblen Klemme oder das zweite
Ende der flexiblen Klemme mit dem Klemmenvor-
sprung verbunden ist.

Befestigungsvorrichtung nach Anspruch 8 oder An-
spruch 9, wobei die Anderung des Umfangs der
Klemmenoffnung bewirkt, dass die flexible Klemme
das erste Ende mit dem zweiten Ende Uberlappt.

Implantierbare medizinische Vorrichtung, umfas-
send:

einen Prozessor (30, 50);

eine Stromversorgung (38, 60);

einen Stimulationsgenerator;

ein Gehause (25), das eine im Wesentlichen ab-
gedichtete Umhdllung bildet, wobei der Prozes-
sor, die Stromversorgung und der Stimulations-
generator innerhalb der im Wesentlichen abge-
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dichteten Umhiillung angeordnet sind; und
einen Anschlussblock (22), der konfiguriert ist,
um eine elektrische Verbindung zwischen dem
Stimulationsgenerator und einer medizinischen
Leitung (16, 26A, 26B) bereitzustellen, wobei
der Anschlussblock mindestens eine Befesti-
gungsvorrichtung (24, 200, 300) umfasst, wobei
die mindestens eine Befestigungsvorrichtung
die Befestigungsvorrichtung nach einem der An-
spriiche 1 - 10 umfasst.

Implantierbare medizinische Vorrichtung nach An-
spruch 11, ferner umfassend die medizinische Lei-
tung, wobei die medizinische Leitung elektrisch und
mechanisch mitder mindestens einen Befestigungs-
vorrichtung verbunden ist, indem ein Umfang eines
elektrischen Kontakts durch die flexible Klemme in-
nerhalb der Klemmendffnung der mindestens einen
Befestigungsvorrichtung zusammengedriickt wird.

Implantierbare medizinische Vorrichtung nach An-
spruch 11, ferner umfassend die medizinische Lei-
tung, wobei die medizinische Leitung elektrisch und
mechanisch mitder mindestens einen Befestigungs-
vorrichtung verbunden ist, indem ein proximales En-
de der medizinischen Leitung, das mindestens eine
Elektrode umfasst, in die Klemmenéffnung einge-
fUhrt wird, die durch die flexible Klemme der mindes-
tens einen Befestigungsvorrichtung definiert ist, die
einen flexiblen Klemmenblock (101) der implantier-
baren medizinischen Vorrichtung umfasst, und wo-
bei die Betatigungseinrichtung betatigt wird, um eine
Druckkraft ber einen Umfang eines elektrischen
Kontakts aufzubringen, um die medizinische Leitung
elektrisch und mechanisch mit der mindestens einen
Befestigungsvorrichtung zu verbinden.

Implantierbare medizinische Vorrichtung nach ei-
nemder Anspriiche 11 - 13, wobei die implantierbare
medizinische Vorrichtung konfiguriert ist, um eines
der folgenden bereitzustellen: Rickenmarksthera-
pie und Magenstimulationstherapie.

Revendications

1.

Dispositif de fixation (24, 200, 300) pour un dispositif
médical comprenant :

un clamp flexible (102, 103, 110) formant une
ouverture de clamp (110),

dans lequel le clamp flexible comporte une pro-
tubérance de clamp (112, 113A, 113B) configu-
rée pour permettre I'actionnement du clamp
flexible ;

un corps rigide (104),

dans lequel le corps rigide est relié a et entoure
le clamp flexible ; et
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un actionneur (131) configuré pour agir sur la
protubérance de clamp pour modifier un péri-
meétre de I'ouverture de clamp,

dans lequel la modification du périmetre de
I'ouverture de clamp par I'actionneur est confi-
gurée pour appliquer une force de compression
sur un périmetre d’'un contact électrique d’un
conducteur médical (16, 26A, 26B) dans'ouver-
ture de clamp pour connecter électriquement et
mécaniquement le conducteur médical au dis-
positif de fixation,

caractérisé en ce que :

le clamp flexible et le corps rigide sont formés a
partir d’'une construction unitaire.

Dispositif de fixation selon la revendication 1, dans
lequel le périmétre de I'ouverture de clamp est subs-
tantiellement circulaire.

Dispositif de fixation selon 'une quelconque des re-
vendications 1 - 2, dans lequel le clamp flexible et le
corps rigide sont formés de titane.

Dispositif de fixation selon 'une quelconque des re-
vendications 1 -3, dans lequel I'actionneur comporte
au moins un d’un groupe constitué :

d’une vis (240) ; et
d’une came.

Dispositif de fixation selon 'une quelconque des re-
vendications 1 -3, dans lequel I'actionneur comporte
une came comprenant :

un élément fixe externe (130, 230) sur le corps
rigide, dans lequel I'élément fixe externe définit
une seconde ouverture ; et

un élément d’actionnement rotatif (120) compor-
tant un élément de came (124) configuré pour
actionner la protubérance de clamp lorsque
I'’élément d’actionnement rotatif est tourné,
dans lequel I'élément d’actionnement rotatif est
formé avecl’élément de came, dans lequel I'élé-
ment de came définit un évidement de came
(115),

dans lequel au moins une partie de la protubé-
rance de clamp s’étend a l'intérieur de I'évide-
ment de came positionnant I'élément de came
entrele corpsrigide etla protubérance de clamp,
dans lequel I'actionnement de I'élément d’ac-
tionnement rotatif dans la seconde ouverture de
I'élément fixe externe améne I'élément de came
a tourner par rapport au corps rigide et a la pro-
tubérance de clamp,

dans lequel le mouvement de I'élément de came
modifie une distance entre le corps rigide et la
protubérance de clamp, et dans lequel la modi-
fication de la distance entre le corps rigide et la
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protubérance de clamp modifie le périmétre de
I'ouverture de clamp.

Dispositif de fixation selon la revendication 5, dans
lequel la came comprend un joint comportant un joint
torique positionné entre I'élément fixe externe sur le
corps rigide et I'élément d’actionnement rotatif pour
fournir une étanchéite.

Dispositif de fixation selon I'une quelconque des re-
vendications 4 - 6, dans lequel la came comprend
un matériau non conducteur.

Dispositif de fixation selon I'une quelconque des re-
vendications 1 - 7, dans lequel le clamp flexible est
attaché a un cété du corps rigide a une premiére
extrémité (106, 107A) du clamp flexible et la protu-
bérance de clamp est connectée a une seconde ex-
trémité du clamp flexible.

Dispositif de fixation selon I'une quelconque des re-
vendications 1 - 7, dans lequel le clamp flexible est
attaché au corps rigide entre une premiére extrémité
(106, 107A) du clamp flexible et une seconde extré-
mité (107B, 108) du clamp flexible, dans lequel la
premiére extrémité du clamp flexible ou la seconde
extrémité du clamp flexible sont connectées a la pro-
tubérance de clamp.

Dispositif de fixation selon la revendication 8 ou la
revendication 9, dans lequel la modification du péri-
meétre de I'ouverture de clamp améne le clamp flexi-
ble a chevaucher la premiére extrémité avec la se-
conde extrémité.

Dispositif médical implantable comprenant :

un processeur (30, 50) ;

une source d’alimentation (38, 60) ;

un générateur de stimulation ;

unlogement (25) formant une enceinte substan-
tiellement hermétique, le processeur, la source
d’alimentation et le générateur de stimulation
étant logés a lintérieur de I'enceinte substan-
tiellement hermétique ; et

un bloc connecteur (22) configuré pour fournir
une connexion électrique entre le générateur de
stimulation et un conducteur médical (16, 26A,
26B), le bloc connecteur comportant au moins
un dispositif de fixation (24, 200, 300), dans le-
quel 'au moins un dispositif de fixation com-
prend le dispositif de fixation selon I'une quel-
conque des revendications 1 - 10.

Dispositif médical implantable selon la revendication
11, comprenant en outre le conducteur médical,
danslequelle conducteur médical est connecté élec-
triquement et mécaniquement a I'au moins un dis-
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positif de fixation en ce qu’un périmétre d’un contact
électrique est comprimé par le clamp flexible a I'in-
térieur de I'ouverture de clamp de I'au moins un dis-
positif de fixation.

Dispositif médical implantable selon la revendication
11, comprenant en outre le conducteur médical,
danslequelle conducteur médical est connecté élec-
triquement et mécaniquement a I'au moins un dis-
positif de fixation en ce qu’une extrémité proximale
du conducteur médical comportant au moins une
électrode est insérée dans I'ouverture de clamp dé-
finie par le clamp flexible de I'au moins un dispositif
de fixation comportant un bloc de clamp flexible
(101) du dispositif médical implantable, et dans le-
quell’actionneur est actionné pour appliquer une for-
ce de compression sur un périmétre d’un contact
électrique pour connecter électriquement et méca-
niquement le conducteur médical a I'au moins un
dispositif de fixation.

Dispositif médical implantable selon I'une quelcon-
que des revendications 11 - 13, dans lequel le dis-
positif médical implantable est configuré pour assu-
rer 'une parmi : une thérapie de la moelle épiniére
et une thérapie de stimulation gastrique.
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LEAD INTO CLAMP APERTURE OF A FASTENER
DEVICE IN A CLAMP BLOCK OF AN IMD

ACTUATE CLAMP ACTUATOR TO COMPRESS THE
PERIMETER OF THE MEDICAL LEAD TO
ELECTRICALLY AND MECHANICALLY CONNECT
THE MEDICAL LEAD TO THE FASTENER DEVICE
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